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R E A R R A N G E M E N T  OF 2 - A R Y L S U L F O N Y L - A 3 - 1 ,3,4 - T H I A D I A Z O L I N E -  
- 1 - O X I D E S  BY A NEW 1 , 3 - M I G R A T I O N  R E A C T I O N 1
a D e p a r t m e n t  of O r g a n i c  C h e m i s t r y ,  U n i v e r s i t y  of 
Ni jm ege n, T o e r n o o i v e l d ,  N i j m e g e n ,  The N e t h e r l a n d s  
^ D e p a r t m e n t  of D r g a n i c  C h e m i s t r y ,  U n i v e r s i t y  of 
G r o n i n g e n ,  Z e r n i k e l a a n ,  G r o n i n g e n ,  The N e t h e r l a n d s
(Received 15 October 1973! accepted for publication 2 November 1973)
In r e c e n t  r e p o r t s 2 ' 3• ** on the c h e m i s t r y  of sul f i n e s  we d e s o r i b e d  the raac-
t io n of d i f f e r e n t  types  of s u l f i n e s  w i t h  2 - d i a z o p r o p a n e  whic h gave A 3 -1, 3,4-  
t h i a d i a z o l i n e - 1 - o x id es in a r e g i o -  and s t e r e o s p e c i f i c  c y c l o - a d d i t i o n  react ion .
In the c o u r s e  of thi s st ud y the r e a c t i o n  of the a r y l s u l f o n y l  s u b s t i t u t e d  s u l f i n e 5 
Ia w i t h  d i a z o m e t h a n e  was i n v e s t i g a t e d .
A d m i x t u r e  of 0.2 m m o l e  of s u l f i n e  Ia in 0.5 ml of C O C I 3 and a s l i g h t  exc e s s  
of d i a z o m e t h a n e  in e t h e r  at 0° gave a r a p i d  d i s c h a r g e  of the y e l l o w  colour. The 
NMR s p e c t r u m  of this r e a c t i o n  m i x t u r e  s h o w e d  b e s i d e s  a r o m a t i c  a b s o r p t i o n s  the me- 
t h y l e n e  AB q u a r t e t  of the a n t i c i p a t e d  A 3 - 1 , 3 , 4 - t h i a d i a z o l i n e - 1 - o x i d e  Ila CScheme 
I) at 5 6 . 0 0  and  6.4 0 p p m  w it h = 18 Hz. How e v e r ,  a f t e r  s t a n d i n g  o v e r n i g h t  at
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0 ° the s p e c t r u m  of the  s l i g h t l y  t u r b i d  s o l u t i o n  had c h a n g e d  s i g n i f i c a n t l y , viz. 
the sig n a l  of the m e t h y l e n e  g r o u p  was  no l o n g e r  present .
By p e r f o r m i n g  the r e a c t i o n  on a 5 m m o l e  s c a l e  ( s ol ven t b e n z e n e / e t h e r  4:1, 
t e m p e r a t u r e  0 °, r e a c t i o n  time 2 days) a p r o d u c t  wh i c h  a n a l y z e d  c o r r e c t l y  for 
C ^ H j o N 2 0 2 s 2 > c o u l d  be i s o l a t e d  in 531 y i e l d  by c h r o m a t o g r a p h y  on n e u t r a l  a l u m i n a  
and s u b s e q u e n t  c r y s t a l l i z a t i o n  f r o m  e t h a n o l  (m.p. 161.5-162.5°).
S t r u c t u r e  lil a (Sc hem e I) was  a s s i g n e d  to thi s p r o d u c t  on the bas is of the 
s p e c t r a l  f e a t u r e s  (NMR in C D C I 3 : two br o a d  m u l t i p l e t s  of a r o m a t i c  p r o t o n s  at 
6 7 . 3 5 - 7 . 8  and 7 . 8 - 8 .3 p p m  w it h a p e a k  r a t i o  of 6:4j IR (KBr), v cn 1165, 134Q 
cm , no t y p i c a l  s u l f o x i d e  a b s o r p t i o n ) ,  but p a r t i c u l a r l y  on the c o m p a r i s o n  w i t h  a 
s am p l e  w h i c h  wa s  s y n t h e s i z e d  by an i n d e p e n d e n t  rou te as f o ll ows : R e a c t i o n  of phe- 
nyl c h l o r o d i t h i o f o r m a t e  (C I C (= S )S C g H s ) wit h p h e n y l d i a z o m e t h a n e  in e t h e r  in the 
p r e s e n c e  of one e q u i v a l e n t  of t r i e t h y l a m i n e  gave 2 - p h e n y 1 - 5 - p h e n y l t h i o - 1 ,3 , 4 - t h i a -  
d i a z o l e  (yield 50%) in a n a l o g y  w i t h  the f o r m a t i o n  of p h e n y 1 - 1 , 3 , 4 - t h i a d i a z o l e  
f r o m  t h i o b e n z o y l  c h l o r i d e  and d i a z o m e t h a n e 5 . O x i d a t i o n  of the thus o b t a i n e d  thia- 
d i a z o l e  d e r i v a t i v e  w i t h  m - c h l o r o p e r b e n z o i c  acid in d i c h l o r o m e t h a n e / e t h e r  at 0 ° 
fo r  3 days g ave  thB c o r r e s p o n d i n g  s u l f o n e  in 77% yield. H o wbv bt,  the r e g i o s p e c i -  
fi c i t y  of the  c y c l o - a d d i t i o n  r e a c t i o n  of di a z o  c o m p o u n d s  and t h i o c a r b o n y l  com- 
p o u n d s  m ust  be c o n s i d e r s d  w i t h  some r e s e r v e 7 . T h e r e f o r e ,  2 - p h e n y 1 - 5 - p h e n y l t h i o -
1 , 3 , 4 - t h i a d i a z o l e  w as als o s y n t h e s i z e d  by a longer, but u n a m b i g u o u s ,  route, viz. 
by r e a c t i o n  of t h i o s e m i c a r b a z i d e  w ith  b e n z o y l c h l o r i d e  f o l l o w e d  by rin g c l o su re 
w it h s u l f u r i c  aci d to 2 - a m i n o - 5 - p h e n y 1 - 1 ,3 , 4 - t h i a d i a z o l s 8 , c o n v e r s i o n  of the ami- 
no gro up into a c h l o r i n e  v i a  a S a n d m e y e r - t y p e  r e a c t i o n 9 and s u b s e q u e n t  n u c l e o p h i -  
lic d i s p l a c e m e n t  of the h a l o g e n  by t h i o p h e n o l a t e 9 . Th es e i n d e p e n d e n t  s y n t h e s e s  
not only p r o v e  s t r u c t u r e  lila, but als o c o n f i r m  the r e g i o s p e c i f i c i t y  of the cy clo-  
a d d i t i o n  r e a c t i o n  of the p h e n y l s u l f o n y l  s u l f i n e  Ia and d i a z o m e t h a n e .
T r e a t m e n t  of the s u l f o n e  s u l f i n e 10 Ib d i s s o l v e d  in b e n z e n e / e t h e r  1:2 w i t h  a 
s li g h t  e x c e s s  of d i a z o m e t h a n e  gav e a f t e r  s t a n d i n g  at -20° f o r  24 h, the s e p a r a -  
tio n of a c r y s t a l l i n e  pr o d u c t ,  wh i c h  a p p e a r e d  to be the t h i a d i a z o l i n e - 1 -o xi de  Ilb 
(yield 60%j m.p. 95° dec. ; c o r r e c t  C , H , N , S  a n a l y s i s  f o r  C 1 gHi 6 N 2 GitS 2 ; NMR in 
C D C I 3 at -20°: AB qu at 5 6 .4 2 + 6.1 4 ppm, 1B Hz f o r  the m B t h y l e n e  p r oton s, s
at 5 3.9 7 p p m  f o r  CH^O, s at t 2.4 9 p p m  f o r  Ctf^CgHi,-, AB qu at S 6.96 + 7.7 0 ppm, 
J AB 9 Hz f o r  C H 30 C etf4- , s at 6 7. 30 pp m  f o r  C H 3 C 5 S 4 -; i r N u j 0 i : v n = |\| 1 5 5 5 < V S = 0 
1050 cm ^ ). F r o m  the m o t h e r  l i q u o r  the t h i a d i a z o l e  Illb (yield 13%) was  i s o l a t e d  
by c h r o m a t o g r a p h y  on n e u t r a l  a l u m i n a  (m.p. 126-127°, NMR in C D C I 3 : S 3.86, s,
C H 3 0 i S 2.42, s, C# 2 C 6 H it -; S 6.9 9 + 8.01, AB qu, J A 0  9 Hz, C H 3D C 6H 4 ~i S 7.4 0 +
7.87 ppm, AB qu, 8.5 Hz, CH 3<7gff^-; v s q 1155, 1340 c m - ’', no Vg = g)-
W he n the t h i a d i a z o l i n e - 1- ox i d s  Ilb was  c h r o m a t o g r a p h e d  on s i l i c a  w i t h  e t h s r  
as elu ent , s m o o t h  c o n v e r s i o n  int o the t h i a d i a z o l e  Ill b t o o k  pl a c e  (yield 65%).
A ls o upon s t a n d i n g  in s o l u t i o n  Ilb r e a r r a n g e s  s l o w l y  to Illb.
The r e s u l t s  d e s r i b e d  abo ve re v e a l  tha t the  t h i a d i a z o l e s  l il a and Illb do a-
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rise f r o m  the t h i a d i a z o l i n e - 1 - o x i d e s  Ila and Ilb, r e s p e c t i v e l y . Tw o  m e c h a n i s m s  
can be e n v i s a g e d  to r a t i o n a l i z e  t h i s  r e a r r a n g e m s n t . Firstl y, an i n t r a m o l e c u l a r  
1 , 3 - s h i f t  of an a r y l s u l f o n y l  gr o u p  w i t h  a s i m u l t a n e o u s  loss of wate.r as de- 
p i c t e d  in Soh e m e  II w o u l d  e x p l a i n 11 the c o n v e r s i o n  of II to III.
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In o r d e r  to d i f f e r e n t i a t e  b e t w e e n  th e s e  two p o s s i b i l i t i e s  the f o l l o w i n g  
e x p e r i m e n t  was  d e s i g n e d :  A 1:1 m i x t u r e  of the s u l f i n e s  Ia and Ib d i s s o l v e d  in 
d i c h l o r o m e t h a n e  was t r e a t s d  wi th  a 10% exc e s s  of d i a z o m e t h a n e  in e t h e r  at -5° 
and a l l o w e d  to r e a c t  f o r  2 days at r oo m t e m p e r a t u r e .  A f t e r  r e m o v a l  of the s o l ­
vents the p r o d u c t  m i x t u r e  wa s  c h r o m a t o g r a p h e d  on n e u t r a l  alumi na.  The res pec - 
tive f r a c t i o n s  w e r e  a n a l y z e d  by mea ns of glo and NMR. It was f o u n d  that  the 
mai n p r o d u c t s  w e r e  2 - p h e n y 1 - 5 - p h e n y l s u l f o n y 1 - 1 , 3 , 4 - t h i a d i a z o l e  and 2 - a n i s y l - 5 -  
t o l y l s u l f o n y 1 - 1 , 3 , 4 - t h i a d i a z o l e , but in a d d i t i o n  2 - p h e n y 1 - 5 - t o l y l s u l f o n y 1-1,3,4 - 
t h i a d i a z o l e  and 2 - a n i s y 1 - 5 - p h e n y l s u l f o n y 1 - 1 , 3 , 4 - t h i a d i a z o l e  w e r e  pres ent , each 
in about  6 % of the t o t a l  amou n t  of t h i a d i a z o l e  formed.  T hi s re s u l t  sh ow s that 
ther e is s om e " c r o s s i n g - o v e r” of s u l f i n i c  aci d and t hu s p r o v i d e s  e v i d e n c e  for 
the e l i m i n a t i o n - a d d i t i o n  m e c h a n i s m  as giv en in Sc h e m e  III.
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